Distal femoral physeal fractures in children have a high incidence of physeal arrest, occurring in a mean of 40% of cases. The underlying nature of the distal femoral physis may be the primary cause, but other factors have been postulated to contribute to the formation of a physeal bar. The purpose of this study was to assess the significance of contributing factors to physeal bar formation, in particular the use of percutaneous pins across the physis.
Distal femoral physeal fractures in children have a high incidence of physeal arrest, occurring in a mean of 40% of cases. The underlying nature of the distal femoral physis may be the primary cause, but other factors have been postulated to contribute to the formation of a physeal bar. The purpose of this study was to assess the significance of contributing factors to physeal bar formation, in particular the use of percutaneous pins across the physis.
We reviewed 55 patients with a median age of ten years (3 to 13), who had sustained displaced distal femoral physeal fractures. Most (40 of 55) were treated with percutaneous pinning after reduction, four were treated with screws and 11 with plaster. A total of 40 patients were assessed clinically and radiologically after skeletal maturity or at the time of formation of a bar. The remaining 15 were followed up for a minimum of two years.
Formation of a physeal bar occurred in 12 (21.8%) patients, with the rate rising to 30.6% in patients with high-energy injuries compared with 5.3% in those with low-energy injuries. There was a significant trend for physeal arrest according to increasing severity using the Salter-Harris classification. Percutaneous smooth pins across the physis were not statistically associated with growth arrest.
Distal femoral physeal fractures (DFPFs) account for less than 1% of fractures in children and between 6% and 9% of physeal fractures.
1,2 However, these injuries have a high incidence of physeal arrest, ranging from 27.3% to 90% (Table I) , [3] [4] [5] [6] [7] [8] [9] [10] with resultant leglength discrepancy and/or angular deformity which is caused by the undulating configuration of the distal femoral physis. The severity of the damage to the growth plate may be related to several factors, including younger age, 5,9 high-energy trauma, 5 the type of fracture, 10 degree and direction of displacement, 4, 8, 10 and violation of the physis by percutaneous pins. 10 It is known that the distal femoral physis resists shear and torsion. 11 Closed reduction and cast immobilisation have a high risk of re-displacement. [5] [6] [7] [8] [9] A previous review from our unit 7 showed an incidence of physeal bar formation of 38% and implicated loss of reduction (57% in anteriorly displaced fractures) as a contributing factor. Thereafter, we treated most fractures after reduction with oblique smooth wires crossing the physis. A recent study by Arkader et al 10 suggested that pins across the physis may be a cause of growth arrest.
In order to determine which factors contributed to physeal arrest and whether pin fixation was a cause, we undertook a retrospective assessment of physeal bar formation in 55 patients with DFPFs.
Patients and Methods
We reviewed the clinical records, operation notes and radiographs of 55 patients treated between 1994 and 2007. Their median age was ten years (3 to 13); 31 were juveniles (< 11 years) and 24 were adolescents (≥ 11 years). A total of 36 (65.5%) sustained high-energy injuries (33 due to a motor vehicle accident, including those involving a pedestrian or cyclist, and three crush injuries) and 19 (34.5%) had low-energy injuries (13 falls and six sports-related).
There were 46 (83.6%) Salter-Harris 12 type II fractures, four (7.3%) type I, two (3.6%) type III and three (5.5%) type IV. A total of 50 fractures were extra-articular, 21 of which were displaced medially, nine laterally, 19 anteriorly and one posteriorly.
Only displaced fractures requiring reduction were included. A total of 49 patients had a closed reduction and six an open reduction, namely four of the five intra-articular SalterHarris type III and IV fractures and two type II fractures with interposed periosteum. In 40 patients the reduction was maintained with two smooth percutaneous Kirschner (K-)wires or Steinmann pins (1.8 to 3.2 mm) crossing the physis ( Fig. 1) and an above-knee plaster cast in full extension. A total of 11 patients were treated with cast only and four had fixation with screws (three of the five intra-articular fractures and one Salter-Harris type II fracture via the metaphyseal fragment; Fig. 2 ). The cast and pins were removed after six weeks, and the knee was mobilised.
The patients were followed up at six-monthly intervals for two years. Leg length and mechanical alignment were assessed clinically. Anteroposterior and lateral radiographs of the knee were taken in order to assess the growth plate and growth arrest lines. Early detection of growth plate arrest was made according to the configuration of the Harris growth arrest lines. 13 If these extended across the whole of the metaphysis in both planes and remained parallel to it, growth arrest was unlikely. 13 Physeal bar formation was confirmed and plotted with biplanar tomography 14 in the early part of the study and/or MRI in the latter part 15 which is currently the gold standard. 15 In nine of the 12 patients who developed physeal bars these were radiologically obvious within one year. A total of 31 patients were recalled after skeletal maturity and were assessed radiologically for the mechanical axis and clinically for leg length. Of these 31 patients, three who had defaulted routine post-operative follow-up had leg-length discrepancy and deformity due to formation of a physeal bar. The remaining 15, who were not skeletally mature at the time of the study and who had not developed obvious physeal bars within the first year, were followed up for a minimum of two years.
The treatment of the 12 physeal bars was determined by the age of the patient and size of the bar. Four underwent excision of the bar, but this was only successful in one. The unsuccessful excisions with treated by completion of the epiphysiodesis and contralateral epiphysiodesis. Five Anteroposterior radiograph of the right knee of a 12-year-old boy with a varus Salter-Harris type II fracture treated by metaphyseal screws after closed reduction.
patients with five years or less of growth remaining and/or a physeal bar greater than 30% of the area of the growth plate had epiphysiodesis and contralateral epiphysiodesis primarily. The three patients with established deformity and shortening at maturity underwent simultaneous lengthening and correction of the deformity. Statistical analysis. STATA version 11 (StataCorp LP, College Station, Texas) was used for statistical analysis.
Fisher's exact test was used throughout to compare proportions as all expected frequencies were < 5. Trends in proportions were assessed using the non-parametric test developed by Cuzick 16 for trends across order groups, which is an extension of Wilcoxon's rank-sum test. A p-value of < 0.05 was considered significant.
Results
The incidence of physeal bar formation in relation to age, mechanism of injury, Salter-Harris type of fracture, direction of displacement and treatment is shown in Table II. A total of 12 patients (21.8%), eight in juveniles and four adolescents developed physeal bars; 11 following a highenergy injury. The age at injury was not significantly associated with bar formation (p = 0.5, Fig. 3 ). High-energy injuries were significantly associated with bar formation (p = 0.04, Fig. 4 ) and there was a significant trend for physeal arrest according to increasing severity of fracture by Salter-Harris type fractures (p < 0.0001, Fig. 5 ). The proportion of bar formations by direction of displacement was not statistically significant (p = 0.08, Fig. 6 ), and there was no evidence of an association between the method of treatment and formation of a bar (p = 0.2, Fig. 7 ).
Discussion
In this study, 21.8% of patients developed a physeal bar. Riseborough et al 5 and Eid and Hafez 9 found that juvenile patients had a higher rate of bar formation. The former postulated that the mechanism of injury in this group was more often high-energy trauma, such as a pedestrian motor vehicle accident, compared to the sports-related injuries of adolescence. Significant trauma is required to disrupt the thick periosteum and perichondrium and cause displacement in juvenile patients. This is associated with crushing of the cartilage plate and vascular disruption. Adolescents are more like adults, having a thinner periosteum which requires less energy to disrupt it. Although in our study there were more high-energy injuries in juveniles than in adolescents (77.4% vs 50%), there was no statistically significant association between bar formation and age. There was, however, a significant association between bar formation and high-energy injuries. Salter-Harris type III and IV fractures are, by their transphyseal nature, more likely to have poor results. 12 However, the literature is controversial. Of the 46 Salter-Harris type II fractures in our study, eight (17.4%) developed a bar, and of the five Salter-Harris type III and IV fractures there was a rate of bar formation of 50% and 100%, respectively. This is a significant trend, similar to the study by Arkader et al. 10 They reported 42 type II fractures with 33% poor results, whereas 50% of type III and 85.7% of type IV fractures had poor results. They also found that the Salter-Harris type and the presence of displacement were the only two variables that correlated significantly with poor results. In contrast, Lombardo and Harvey 4 had a higher complication rate in type II than in type III and IV fractures, and Eid and Hafez 9 had 65 of 151 (43%) type II fractures with a rate of bar formation of 46.2%, whereas type III and type IV had 31.6% and 40.9%, respectively.
Lombardo and Harvey, 4 Thomson et al 8 and Arkader et al, 10 showed that displacement was associated with complications, with a statistically significant association with physeal arrest in displaced compared to undisplaced fractures. They did not, however, find a statistically significant difference in physeal arrest with the degree of displacement. We believe that the degree of displacement is not an accurate method of risk assessment, as fractures that were initially displaced may no longer seem as severe after splinting, transport and radiographs. Like Arkader et al, 10 we did not find a significant association between physeal arrest and direction of displacement.
All the above contributing factors are unavoidable and the result of the force and mechanism of the injury. The main purpose of this study was to determine whether treatment caused iatrogenic physeal arrest.
In many reports conservative treatment in plaster is associated with loss of reduction: Graham and Gross 6 reported a rate of 70%, Demblon and Hoffman 7 a rate of 57% in anteriorly displaced fractures, Thomson et al 8 a rate of 33% and Eid and Hafez 9 38.3%. Loss of reduction necessitating a second reduction possibly adds further damage to the growth plate. Owing to the 57% incidence of re-displacement in anteriorly displaced fractures in a previous study from this unit, 7 most of such fractures in the current study (15 of 19) were pinned. In the early part of this study, posteriorly, medially and laterally displaced fractures were treated in plaster, but subsequently it became policy to pin all fractures (40 patients). The decreased incidence of bar formation in this study (21.8%) compared to the previous study (38%) may be a reflection of the maintenance of reduction.
Most authors agree that closed reduction of Salter-Harris type I and II fractures using percutaneous pins or screws is the treatment of choice. 11 In order to prevent further damage to the growth plate, reduction should be achieved with 90% traction and only 10% leverage, 11 10 reported a lower incidence of complications (30%) when using physeal-sparing screws than with physeal-traversing pins (65%). They postulated that the treatment method might influence the outcome. However, we found no statistically significant increase in bar formation in fractures treated with percutaneous pins. Most (15 of 19) anteriorly displaced fractures were pinned and the low incidence of bar formation in these fractures (one of 19) further supports this finding. Siffert, 19 in an experimental study in rabbits, showed that a temporary K-wire across the growth plate did not interfere with longitudinal growth. Others found that a drill hole ≥ 7% of the cross-sectional area of the growth plate caused permanent growth arrest, but a drill hole < 7% did not. 20 In our study, pin sizes from 1.8 mm to 3.2 mm were used. A 3.2 mm pin approximates 0.7% of the physeal surface in a ten-year-old child (the median age of the patients in our study).
Physeal-sparing screws across the metaphysis or epiphysis are advised in modern treatment. Eid and Hafez 9 used screws in 22 of 59 (37.2%) of surgically treated fractures, and Arkader et al 10 used them in 13 of 37 (35.1%). We used this technique four times and agree that Salter-Harris type III and IV fractures require open reduction and fixation with screws under direct vision. Metaphyseal screw fixation sparing the physis is probably the ideal in Salter-Harris type II fractures if the metaphyseal fragment is large enough to afford screw purchase.
A limitation of this study is that 15 patients were assessed for only two years after injury and are awaiting skeletal maturity for final assessment. This may exclude some patients with partial inhibition of growth, or deceleration of growth as described by Neer. 21 Most authors, however, describe growth arrest within 18 months of injury. 3, 4, 11 The paper also has the bias of a retrospective study, and some of the numbers are too small for multivariate analysis. This applies especially to intra-articular Salter-Harris type III and IV fractures, those with posterior and lateral displacement, and fractures treated with metaphyseal screws.
Initial injury to the growth plate is unavoidable, but accurate reduction and fixation is the best way to prevent re-displacement, which can result in further injury. In this regard we found that percutaneous smooth pins crossing the physis do not contribute to growth arrest.
